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Abstract 
 
Nepenthes as a kind of Carnivorous plants which are known to secrete enzymes to digest 
their prey for nitrogen uptake has been investigate by many scholars from various points 
of view. After more than three months experience with the object Nepenthes, we find its 
leaves and culms as well as soils are more acid compared with another two non-
carnivorous plants with basic measurement in the laboratory. By the way, we find its root 
degradation. Although the pH value of fluid from the pitcher is under 7, colorless, odor 
and density are more close to the water. We also find the concentration of protein in fluid 
is very low from Lowry’s test which leads to the long reaction time but skim milk gel 
experiment can be considered the optimal pH and temperature of enzyme in our sample 
fluid is pH 5.6 and 50 C. For controlling the experiments veracity, we also add another 
protease called Proteinase K. Furthermore, it is the first project in English for this topic in 
Roskilde University. 
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摘要 
许多学者发现和证明猪笼草是一种食肉性植物，它是靠分泌酶来消化扑捉到的昆虫。在三个月的实
验调查过程中，我们学会并且运用许多实验去证明我们想得到的答案。通过一些基本的检测方法，
我们发现猪笼草的叶子植物茎，土壤要比其他的两种普通植物酸，而且它的根已经退化不像普通植
物那么强韧。虽然来自猪笼草叶末段罐子里面的液体也是显酸性，但是其他的性质如颜色，气味，
密度更接近水，并且我们通过Lowry’s 
实验也证明了液体中蛋白质的含量非常的低。我们设计的skim milk 
gel实验表明：实验对象中酶的理想生存条件为pH值5.65和50度。此外，这份报告也是丹麦罗斯基勒
大学第一份关于猪笼草的英语调查报告。 
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Foreword 
 
Why we have such interests on this topic? What are the Carnivorous plants? Why the 
Nepenthes need insects? What can we do with those special characters? Can these series 
questions instigate your fervor for our studying? 
 
As our normal knowledge, the plants grow by photosynthesis and most nutrition from the 
soil. Food chain drives the energy circle which is that vegetarians eat plants and 
carnivores eat vegetarians in general. But now we found an exception - Carnivorous 
plant, it is special that can eat animals. Is it against the natural law? Why they eat animal 
and how they digest the food? With such questions, we began our project.   
 
Chose a typical one which should be easy for us studying called Nepenthes and got it 
from ‘Botanisk Haves Butik’ in Denmark. Then we let our Nepenthes grow in the place 
we built like simple and crude green house for getting samples from it. We tried to design 
experiments cautiously for studying the pitcher fluid inside the Nepenthes. First of all we 
made a series tests to know the nature characteristics of the plant. For instance we tested 
the pH value of the soil and some parts of Nepenthes, the result can prove the 
environment of Nepenthes to be acidic. Secondly the protein’s concentration of fluid we 
want to get in order to ensure the big probability of enzymes inside the plants. Thirdly we 
created a simple experiment to test the activity of enzyme in our sample fluid. In these 
processes we practiced ourselves working with basic scientific problems in the laboratory 
as well as we found our answers through our hard work by using our knowledge and 
methods on natural science. 
 
Our target group is those who interested in Carnivorous plants and have basic 
knowledge in the science of Biology. And the project contains nine main chapters:  
 
Chapter1 - Introduction: give a background on Carnivorous plants and Nepenthes, 
explain why Nepenthes need insects in general and present enzymes coming from plants. 
At the same time, introduce our project and explain our problem formulation.  
 
Chapter2 - Theory: summarize four commonest proteases after reading: Aspartic 
Proteases, Serine Protease, Exopeptidase and Endopeptidase. Additional, reaction 
condition and stability condition make preparations for our following working in the 
laboratory. 
 
Chapter3 - Model: build a logical model and program for project. 
 
Chapter4 - Materials and Methods: record the whole process of our project including 
materials (samples, equipment and reagent) for experiments and methods we used to find 
answers. This is the main body of our report.     
 
Chapter5 - Results: repeat many times then get results for all experiments. Figures give 
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direct feeling while tables make numeric analysis.  
 
Chapter6 - Discussion: enter a new phase with fusion of ideas from theory, experiments 
and results. In this part, we will set forth our opinion.  
 
Chapter7 - Conclusion: state answers for our problem formulation.  
 
Chapter8 - Perspective: conceive our future work for purifying enzyme from Nepenthes 
and the practical meaning of this special enzyme.  
 
Reference: list detailed information about reference we used in our project which can be a 
great help for later someone who also has the interest in this topic.  
 
And in some chapters, we also complement some small articles with black frame which 
are not very closed to our project but it can help the reader understand more about some 
contents.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Carnivorous Plants - Nepenthes 
Page 7 of 46 
Chapter1–Introduction 
 
1.1 Nepenthes as Kind of Carnivorous Plants 
Definition: A plant is defined to be Carnivorous plant if it attracts, captures, and kills 
animal life forms. To qualify as a Carnivorous plant, it must also digest and absorb the 
nutrients from the prey. (H&J&M, 1989, 1997-1999)  
 
Nowadays, people have found more than 400 species of Carnivorous plants. (Britannica 
Online, 17/12/2005) Most of them live in the wetland where few nutrients available for 
plants. The special environment is difficult for non-Carnivorous species to live but 
Carnivorous plants can thrive. (B.E., et al., 1989) They continue life with a special way 
unlike non-Carnivorous plants that is they not only carry water and light for 
photosynthesis, but they also catch preys mainly insects, digest their proteins for 
nutrients.  
 
Description: Our studied object - Nepenthes is typical one of Carnivorous plants. It 
belongs to Genus Nepenthes, easily is seen in Southeast Asia, Northern Australia, and 
Madagascar. The Genus Nepenthes is unique among the Carnivorous plants as the only 
one to be dioecious. Therefore, reproduction takes place when a male plant and a female 
plant are flowering at the same time. (C&D&J&S, 1928, 1997, 1998a, 2002, 2004) It is 
often seen in everglade of tropical rainforest, under the tree, in the boscage or on the rock 
as well as it always enwinds or clings to other plants. Plenty of rain and few nutrients 
directly from the soil make the habitats for Nepenthes. (C.P., 2004)  
  
Every leave of Nepenthes has a big sac called pitcher for catching the small insects. On 
the top of the pitcher has a lid that can keep the rain out of the pitcher. The upside of the 
wall of the pitcher has the nectary. It can excrete the liquid to allure the insects. And in 
the downside of the wall of the pitcher has digestive glands that excrete the mucilage to 
digest the insects. (CPST, 28/5/2004) The mixture of the mucilage inside the pitcher we 
called fluid. Nepenthes digest the insects in the digest zone of pitchers bottom. Then 
absorb the products of the reactions. The following figure 1.1 explains the inner part of 
the pitcher which is divided into four zones with differing surface structure and functions: 
 
 
 
 
 
 
 
Figure 1.1: (Holub, no date)  
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1.2 Nepenthes as a Plant  
Now we seem to understand special environment caused the habits of Nepenthes, maybe 
your next question is why and what they need nutrients. Even thought Nepenthes can 
catch insects, all characters of it can prove it indeed is vegetation.  
 
Plants Nutrients: From the course Environment Science we studied last semester, (Keller, 
6/2005) we know for plants three elements absorbed in large amounts from the air, water 
and soil: Carbon (CO2 generation from the air), Oxygen (mainly from the air and water), 
and Hydrogen (from water and fertilizers). In a process called photosynthesis, plants use 
energy from the sun to change carbon dioxide (carbon and oxygen) and water (hydrogen 
and oxygen) into starches and sugars. Besides those the most basic elements, there are six 
“macro” nutrients uptake a lot from the soil or a hydroponic solution: nitrogen, 
phosphorus, potassium, calcium, magnesium and sulfur. The short of nitrogen will restrict 
the plant’s growth and the older leaves will turn to yellow. Most plants obtain nitrogen in 
the form of nitrate (NO3) or ammonia (NH3) primarily through the roots. (SCBW, 
29/10/2005) Like nitrogen, phosphorus is also very important because it is part of the 
“energy currency” of cells, and it can stimulate plant’s growth. Moreover, there are seven 
Zone 1: Has nectarines which serve to attract 
insects to the plant and “stiff hairs” lead the 
insects downward towards the bottom of the 
pitcher. 
Zone 2: Has even greater concentration of 
nectarines and a slippery surface. 
Zone 3: Has digestive glands. The soft wax-
like walls have a very slippery surface which 
causes the insects to glide down into zone 4. 
Zone 4: Contains fluid which includes 
digestive enzymes and bacteria. Digestion and 
absorption of the liberated nutritional 
substances occurs here. Small insects are 
prevented from escaping from the liquid by 
“stiff hairs” pointing downward.  
We also can see a black cluster of indigestible 
insect remaining at the bottom of the pitcher. 
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“micro” nutrients imbibed small from the soil or a hydroponic solution: Iron, 
Manganese, Boron, zinc, copper, molybdenum and chlorine. (Rorabaugh, 1951) 
 
Nitrogen importance: 99 percent of the weight of all living matter is made up by these 
six elements - carbon, hydrogen, nitrogen, oxygen, phosphorus and sulfur. And most of 
living organisms without water are made up by four different types - carbohydrates 
(consisting of sugars and chains of sugars), lipids (most of which contain fatty acids), 
proteins (composed of amino acids) and nucleic acids (DNA and RNA). All of them 
consist mainly of carbon and hydrogen as well as oxygen. Moreover, nitrogen and sulfur 
are also important components for proteins. Nitrogen and phosphorus take a great role in 
nucleic acids also some lipids. (Raven, et al., 2005, chapter 2) Although abundant of 
nitrogen in the atmosphere (78% air is nitrogen gas), it is not easy for most living things 
to use elemental atmospheric nitrogen because nitrogen gas is very stable and inactive 
compound therefore they mostly depend on the more reactive nitrogenous compounds 
much less than nitrogen in the air, such as nitrate (NO3) and ammonia (NH3) from the 
soil. In other words, shortage of nitrogen in the soil is the main restriction for plants’ 
growth. Compared with the amount of nitrogen (1.5%), the amount of phosphorus 
required by plants is relatively small (0.2%). So in this project we care more about 
nitrogen even if the biggest amount of oxygen (45%), carbon (45%) and hydrogen (6%) 
(Raven, et al., 2005, chapter 29) they need which can get from air and water directly. 
  
 
1.3 Nepenthes as a Study 
History process: Nepenthes as a kind of Carnivorous plants are first presented by Charles 
Darwin and J. D. Hooker (1874). The study in whether the digestion of Nepenthes is 
effected by enzymes produced by the plant itself or from the activities of bacteria in the 
fluid is continued till now. The history of this study can be separated to two eras. In 1942, 
Lloyd reviewed the problems and concluded that “The positive evidence that an acid 
protease is secreted by the pitchers of Nepenthes is conclusive.” (Frazier, 6/2000) This 
statement marks the transition to the modern era in which the problem is how to isolate, 
purify and characterize the proteases that exist. After got evidences from several 
scientific experiments done by many scientists. Athauda et al. (1998) concluded that 
protease in the fluid of the plants is a unique protease among plants and other acid 
proteases. (Frazier, 6/2000)  
 
Present research: Until today, no authoritative complete result has been published, but 
more and more people devote themselves into this field: give assumption, design 
experiments to prove it and try to purify them. Before this study, we also read some 
recent reports. Someone suggests that Exopeptidase is present in the pitcher fluid because 
of the presence of a series of peptide fragments. (Takekawa, et al., 30/4/2002) Someone 
think there are two acid proteinases (Nepenthesins I and II) from the pitcher fluid of 
Nepenthes distillatoria (as badura) and it is a unique member of a novel subfamily of 
Aspartic proteinases after they purified. And they also find activity and stability for 
Nepenthesins through experiments. (Senarath, et al., 23/3/2004)  
 
No matter the history or the present studying, father’s working gave us strong theory 
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basic, especially in our experiments.  
 
However the fever for plant enzyme never decreases, especially protease, lipase, amylase 
and cellulose come from the leave and roots. Lots of production made by these natural 
plant enzymes can be seen around us, such as Bromelain. Because of enzymes, celles of 
plants are able to carry out chemical reactions at great speed and at comparatively low 
temperatures, such as our normal temperature of outside. A single enzyme molecule may 
catalyze the reaction of tens of thousands of identical molecules in a second. Thus 
enzymes are typically effective in very small amount. (Raven, et al., 2005, chapter 5) 
 
 
1.4 Our Project  
After the background of Carnivorous plants, plant nutrition and reading scientific papers 
about Nepenthes studying, we seem to have some filmy ideas about our object while 
more read more question.  
 
Does such fancy habit (catch insects) bring some characters different from other common 
plants firstly? If there is real enzyme in the pitcher fluid, what are they? In our opinion, it 
may have Exopeptidase and Endopeptidase because a complete protein need be interior 
cleaved firstly and Endopeptidase has such right function. Additional, Exopeptidase can 
catalyze the breach of the terminal or next to last peptide bond from polypeptide or 
protein lead to peptide fragments. Can we purify the fluid and find a surprise. 
Nevertheless, these are just our assumption before our search.   
 
Thus, problem formulation after discussion and assumption help us make the aim of our 
project, it is: 
What are characters of Nepenthes different from non-characters plants? And what 
is the kind of enzyme in the pitcher fluid? 
 
In the following project working, we touch typical samples and reactions in order to take 
a general sight on the huge protease world. Aspartic Protease and Serine protease are two 
big common kinds of proteases. Exopeptidase and Endopeptidase are considered in the 
fluid of Nepenthes with high possibility. Reaction and stability conditions are very much 
related to our experiments. We interested in them and described them in our project. 
Succedent laboratory work helps us to find answer for the first question. Unfortunately, 
time, samples and condition limit block us go further for the last question. But these 
primary investigation build foundation for our or others future studying at the same time 
we gained many efficient method for science learning which benefits and improves our 
capability.    
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Chapter2–Theory 
The knowledge we used for analyses the problem in this chapter is summarized from 
many science articles and scientific books that we have learned during our project. Most 
articles introduce the basic knowledge of some protease and enzyme.  
 
Enzyme: It is chemical organic substance formed in living cells, able to cause changes in 
other substances without being changed itself. (OUP, 1981) Here, we can see the enzyme 
comes from living cells and it is a kind of catalyst of specific biochemical reaction. In a 
general way, most enzymes are proteins. 
 
Protein: The basic proteins contain carbon, hydrogen, oxygen, nitrogen, and usually 
sulfur and are composed of one or more chains of amino acids. Most proteins include 
substance enzymes. (OUP, 1981) 
 
Protease: Any kinds of enzyme, which can catalyze the hydrolytic breakdown of 
proteins, include proteinases and peptides. (OUP, 1981) 
 
Proteinase: A kind of protease, it begins the hydrolytic breakdown of proteins usually by 
splitting them into polypeptide chains. (OUP, 1981) 
 
2.1 Aspartic Proteases and Serine Protease 
It will take a lot of time to understand each protease those have been found. We begin 
with two kinds of commonest enzyme (Aspartic Protease and Serine Protease) under the 
suggestion from our supervisor, in order to start with the wonderful enzyme world.    
 
Aspartic Proteases  
Most Aspartic Proteases belong to the pepsin family. Few are in the retro-pepsin family. 
The pepsin family includes digestive enzymes, chymosin, processing enzymes and so on. 
(MBCC, no date) This kind of protease is called Aspartic Protease. Molecule always has 
ASP1 structures. The ASP structures can catch the water molecule to hydrolyze2. The 
Aspartic Protease can only cleave the peptidic bond3 between some certain 
configurations, for example, the peptidic bond between X-cysteic acids.  
 
 
Serine Protease 
Goat, rabbit, pig, human, giant silkworm, horned desert viper, Atlantic cod, and fruit 
fly… these species seems like have no relations at all but they are studied out with one 
proteases, although these proteins have different structures and functions. 
The serine proteases are belonging to enzyme family which can cut certain peptide bonds 
                                                        
1
 Also known as aspartate, a kind of amino acid.  
2
 Decompose by hydrolysis 
3
 The chemical structure is  
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in other proteins.  
 
In another way it is called serine proteases because that enzymes break peptide bones in 
proteins which are characterized by the presence of a serine residue in the active center of 
the enzyme. Presently, serine proteases have been classified 5 clans, 30 families and 700 
sequences. (Rose, et al., no date) 
 
EC number-3.4.21(Dixon and Webb 1958 and 1964)  
EC Number: 
EC numbers (Enzyme Commission numbers) are a numerical classification scheme for 
different enzymes. As a system of enzyme nomenclature, every EC number is associated 
with a recommended name for the respective enzyme.  
 
Every enzyme code consists of the letters”EC” followed by four numbers separated by 
periods. Different numbers stand for different groups, for example, EC 3 means 
hydrolase. 
(WJ, no date)  
Proteinase K (EC 3.4.21.14) 
We need a kind proteinase to be the reference object. Because proteinase K is a serine 
protease and the main proteolytic enzyme produced by the fungus Tritirachium album 
Limber. (W., et al., 1974) Proteinase K has high activity and it is stable over a wide pH 
range: 4.0 – 12. 5, the optimum pH is from 7.5 to 8 and the temperature optimum is 65 
degree. Rapid denaturation of Proteinase K occurs above 65 degree. (W., et al., 1974)  
 
From the knowledge above, then we can use Proteinase K to control the experiment of 
skim milk testing, because when we do the test of our plant pitchers’ fluid, we could not 
know the most suitable pH or temperatures as well as if we try to find most suitable pH or 
temperatures, we could not know whether we do experiment in the right way or not. If we 
make any mistake such as pH of our buffer is not correct and so on, the result of testing is 
not going to make science of showing the activities of our samples. In an easy to say: 
Proteinase K is a controller of our skim milk testing experiment, and its purpose is to 
insure testing’s veracity.    
 
 
 
2.2 Exopeptidase and Endopeptidase 
From the literatures we have read about carnivorous plants, we noticed that possibly there 
are many kinds of enzymes in the digestive fluid of the plant. But there are two main 
enzymes which are Exopeptidase and Endopeptidase.  
 
Exopeptidase  
Exopeptidase is a kind of enzyme. We know that enzymes can be used for catalyzing the 
cleavage of the peptide bond. The Exopeptidase also has this function but it can catalyze 
the breach of the terminal or next to last peptide bond from a polypeptide4 or protein. It 
                                                        
4
 A peptide that consist of more than two amino acid groups. 
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releases a single amino acid or dipeptide5. (MN, 10/3/2004) 
 
Exopeptidase is only acting on the terminal or next to last of the peptide. And hydrolyze 
the peptide bonds one by one. The Exopeptidase can be divided three parts because it 
catalyzes the breach on the different peptide bonds. These are Aminopeptidase, 
Carboxypeptidase and Dipeptidase. The aminopeptidase can catalyze the breach of the 
peptide bonds of amino. The carboxypeptidase is acting on the peptide bonds of 
carboxyl6. And the dipeptidase is using for the dipeptide. 
 
About Aminopeptidase and Carboxypeptidase which has the peptide bonds and always 
has the terminal of amino acid, the chemical structure is like figure2.1:  
Figure 2.1: the short peptide (by own, 
6/11/2005) 
 
 
 
 
 
 
 
 
The Exopeptidase can catalyze 
the breach like figure 2.2: 
Figure 2.2: the breach (by own, 6/11/2005) the 
figure shows that the peptide bond is broken in 
the position “----”. Then it becomes a single 
amino acid (NH2-CHR-COOH).  
 
The aminopeptidase catalyzes the breach 
on the first peptide bond from the terminal 
of the amino. It works like figure 2.3: 
 
 
Figure 2.3: the breach from A1 
to A2 (by own, 6/11/2005) in this 
figure we can see the peptide 
bond is broken from A1 to A2. 
Certainly the peptide not only 
has two peptide bonds. But 
figure3 can show a direction for 
the breach of peptide bonds. In 
addition, A1 must be the first 
peptide bonds from the terminal 
of the amino.  
 
The carboxypeptidase 
                                                        
5
 That is a peptide that consist of two amino acids. 
6
 The chemical structure is  
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catalyzes the breach on the first peptide bond from the terminal of the carboxyl. It works 
like figure 2.4: 
 
 
Figure 2.4:  The breach from 
A2 to A1. (by own, 6/11/2005) 
The carboxypeptidase 
catalyzes the cleavage of the 
first peptide bond but which is 
from the terminal of the 
carboxyl. The process of 
figure4 shows the direction of 
the function in a simply way.  
 
 
Endopeptidase  
Endopeptidase is also a 
kind of enzyme and represents a new family of serine proteins. Its function is to 
catalyze the hydrolysis of peptide bonds in the interior of a polypeptide chain or 
protein molecule, so Endopeptidase can cut the proteins to many pieces internal. Also 
Endopeptidase (NEP7; EC 3.4.24.11) is a highly conserved cell membrane-associated 
enzyme. (Hepatol,11/2005)  
 
 
 
2.3 Enzyme in the experiments 
Then we care about the characters of enzyme appearing in the experiments in general, 
which can give us the direction for studying our samples.  
 
Reaction condition of enzyme 
Now there are several ways can influence the activities of enzymes, but the basic ones 
and they also what we used are pH value and temperature.  
 
1. pH value influence 
Find the suitable pH value for the enzyme that means the enzyme can active well make 
the reaction is very fast at that pH value but if pH value is too low or too high can: 
Denaturalize enzyme; 
Effect enzyme form Es (The symbol for the element einsteinium) at the end;  
Effect enzyme’s undivided character    
 
 
Figure 2.6: (Voet, et al,2002) it shows 
pepsin’s s activity in the conditions of 
different pH values. From it we can know how 
do they act and when they can be most active 
in general. (Around pH value= 1.5-2.0) so that 
                                                        
7
 the short for natural Endopeptidase 
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is the most suitable pH value for pepsin. 
 
 
 
2. Temperature influence  
Higher temperature then more active, but if the temperature is too high that also can make 
the enzyme lose its activity. 
 
The most suitable temperature for warm blood animals’ enzymes are 35C-40C, plants are 
40C-50C, and bacterial Tag DNA70C (it is a kind of bacterial which like heat very 
much). (Voet, et al,2002) But in fact the fittest temperature is not a constant. It depends 
on what kind of thing the enzyme does the reaction with, and how long time, pH, and so 
on. 
. 
Figure 2.7: it shows the activity 
of a plant’s enzyme. (Voet, et 
al,2002) The temperature begins 
from 0C when enzyme has very 
low active, its active became 
higher and higher follow the 
rising temperature till around 
55C the most active point.  But 
after the enzyme active is 
decreasing with the temperature 
rising.   
 
3. Example of ptyalin: 
Ptyalin is an enzyme in our 
saliva, and it is also a 
protein. As other enzymes it 
also has the character, only can catalyze amylum to hydrolyze then become maltose. 
Ptyalin’s this activity can easy be influenced by the around environment, especially 
temperature and pH value. And we know the most suitable temperature is 37C for its 
keeping its activation, and pH value is 6.8(Voet, et al,2002). So when it goes into the 
stomach it can only work 10-30min until the pH value is equal to 4.5. (Voet, et al,2002) 
After that, the proteins are going to be digested by the protease- pepsin.     
 
 
Stability condition of enzyme   
As protein, every enzyme has its own character and function. In the suitable condition, 
the enzyme can keep its character and be active for its function (enzyme’s activity), in 
other words, the enzyme can catalyze protein hydrolyzed very well. And this suitable 
condition, we call stability condition. 
 
According to the reaction condition of enzyme, we have known that the main factors for 
enzyme activity are PH value and temperature. So the stability condition is made up of 
stability pH condition and stability temperature condition. The stability pH condition 
means a pH range in which the enzyme does not lose activity. The stability temperature 
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condition means a temperature in which the enzyme has not decreased the activity for a 
certain time. 
 
In the following we talk more factors which can influence samples including pH value 
and temperature.   
1. The air: the main influence is deliquescence, polluted by bacterial and oxidation. 
2. Temperature: keep in the low temperature condition. Most enzymes are 
hypersensitive of hot; sometimes they can only keep in freezer in one or two weeks. 
For enzyme is the purer the more unstable, and the solid state is firmer than the 
solution. So normally keep the temperature to be -5 ~ -20C，if can be - 70C,it is 
going to be the best. (Voet, et al,2002)   
3. Water: include the water from samples and also the water absorbed from the air. 
Water can cause the reactions of hydroxylation, accelerate oxidation, and so on. 
4. The light: enzyme can absorb some length wave, which is bad for keeping the 
activation of the samples, especially the ultraviolet radiation from the sun light with 
great energy. Then samples will have such results: color changed oxidation and 
decomposed when they are catalyzed by the light. So keep the samples avoiding the 
light. 
5. PH value: for keeping samples at liquid state we should pay attention on the pH 
value. To investigate the effects of pH value on the stability, we can use a little 
experiment that put the samples in different pH value of buffer. Keep the pH value 
stable in some days we can find the appropriate pH value condition to maintain 
activities of enzyme. After that we can determine the best pH value of keeping the 
enzyme active. (Voet, et al,2002) 
6. Time: the samples can not live for ever; different samples have different dead line. 
That is the reason why we should write the date on the samples, check and deal with 
them on time.   
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Chapter3–Model 
  
Catch Experience from Others  
In fact more and more people have interests in Carnivorous plants. Someone raises 
Carnivorous plants as their hobby and records the plants’ living conditions, from which 
we learn more about outside environment for Nepenthes. There are some organization for 
studying inside world of the plants, where some excellent experiences accomplished by 
many scientists which can be consulted for our purpose, especially about the enzyme 
from the fluid. At the same time we study the methods they used to design our 
experiments.    
 
With upward preparation, we define our problem formulation and find suitable theory 
basis for it. 
 
Audacious Assumption  
Assumption is the first important step for us to do experiments which help us to find the 
answers. Whereas these assumptions are not whimsicality, they depend on someone else’s 
conclusion and our knowledge. Good assumption is the good start.  
  
Carefully Authenticate 
In order to verify our assumption, we made a series experiments. Base on theory and 
other’s report, first we can design the reasonable steps. For example, we know from the 
introduction that the optimal pH value for enzymes from the fluid should be acid, so 
when we made buffer we just cared about pH value from 2.0 to 7.0. During the process, 
we also used something we have known about it to test our results. For example, we used 
proteinase K to control the skim milk gel experiments. When we discuss, we will 
combine our real result and theory again, which help us to avoid falsifying. For instance, 
we got the results on the density of the fluid from the Nepenthes pitcher to be smaller 
than 1 after the first two tests, but we know if the liquid with protein (protein contains N, 
C, H, O at least, so the molecular formula is lager than the pure water: 2 H and 1O), it 
should be heavier than the water. Therefore, when we test again, we paid more attention 
on the operation then found the mistake. 
 
After all, it is easy to find the logic and program of the project can be more coherent and 
concise with the reciprocity among the theory, model and experiments.    
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Chapter4–Materials and Methods 
 
4.1 Materials 
Plant Samples We Used in the Laboratory 
 
Nepenthes Nepenthes were obtained from ‘Botanisk Haves 
Butik’. Plants were grown in the small green 
house which we built in our group room without 
fertilizer. Plants were watered daily with pure 
water. Fluid was collected from the opened 
pitchers. The pitcher fluid sample was stored 
aseptically at 4C. 
(Picture 4.1, by us, 01/12/2005)  
 
Cape sundew Cape sundew coming from the greenhouse of 
Roskilde Techenical Shoole. Plants were grown 
in the small green house without fertilizer. Plants 
were watered daily with pure water. On the leaves 
of sundew, there was dew which can adhibit small insects. After 
that the leaves would enwrap the prey in order to digest it. 
(Picture 4.2, by us, 06/12/2005) 
 
Burning love Burning love is a very common indoor plant from 
supermarket. Easy to watered without fertilizer. 
During testing pH value of leaf and soil, we use it as 
one sample to compare our target.   
(Picture 4.3, by us, 06/12/2005) 
 
Orchid  Orchid is a common indoor plant from supermarket. It is easy to 
grow in the room.  
 
Equipments We used from Laboratory of RUC 
 
Graduated and 
flask Test tube 
Base containers for samples and other liquid.  
Glass stick For mix the soil and water/chemical reagent.  
Pipetman For take the reagent/samples and it can make sure the quantity 
of liquid. 
Balance For weigh the samples and reagent.  
pH Meter Test the pH value of liquid.  
pH-indicator strip 
 
 
Test the pH value of samples, fewer samples need. And different 
range can give more accurate results. Type: 
- (A) pH value range 0-14 (Baker-PHix) 
- (B) pH value range 2-9 (Spezialindikator)  
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- (C) pH value range 0-6 (Acilit)  
Spectrophotometer Test the concentration of proteins from samples.  
MS2 Minishaker Shake the liquid automatically to speed mixing.  
Microscope slides Clarity for make gel and observation.  
Microwave oven To heat up the concretionary liquid of agarose.  
Heat cabinets Keep the temperature of agarose.  
 
 
4.2 Methods  
Our methodology in the project is that reading literatures and scientific papers we 
researched the characters of Nepenthes and the topic of enzymes working in the 
Carnivorous plants firstly. Secondly we made wise assumption according the 
background. Then we try to design several experiments to prove the assumption 
carefully. At last, we get our conclusion after discussion and absorbing more theory.  
 
4.2.1 Preparation of Experiments 
Carnivorous plants it is the main direction of our project. At the beginning, we are not so 
well-off. In the field trip of find the carnivores plants in a forest around Roskilde which 
was led by our supervisor and Søren on October 13th 2005. We found nothing because the 
wrong season. But we got real lessons such as the Carnivorous plants’ living 
environment, their living seasons and so on with eyes and hands ourselves at least. 
 
Although everything seems not easy for us, we never give up. After all members’ 
endeavors, finally we found a big Carnivorous plant - Nepenthes and get it from 
‘Botanisk Haves Butik’ 26/10/2005. Nepenthes are one of the most effeminate kinds of 
Carnivorous plants. That means we should take more care about it, and if not it may be 
dead before our experiments. Because the living environments for Nepenthes are wet and 
worm so we made a mini greenhouse in our group room. And the main function of the 
green house it is to keep the plants have a wet, warm and adequate light condition inside 
otherwise it is going to be dead. 
 
 
4.2.2 Procedure of Experiments  
We constituted an effective scheme for our experiments which can help us to find an all-
sided answer to our problems. We used the materials and conditions of laboratory in 
scientific methods at the same time we learned much of our expectation. 
4.2.2.1 Measure the Basic Characters of Nepenthes 
Theory Basis: Nepenthes are like an animal sometimes, but no one can deny the truth that 
it is also a kind of plants. We want to find differences from their common characters.  
 
Reagent for Characterization of the Nepenthes 
Albumin bovine 
fraction V 
A kind of protease from the laboratory of RUC. We test it’s 
density in order to compare our results.  
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Process and Improvement    
We want to find differences from characters of non-Carnivorous plants. 
1. Color, Odor, Density and pH Value 
We picked eight opened pitchers where we picked up the fluid. Five of them have no 
insects we named them sample1 to sample 5 in the laboratory temperature 25C.    
1.1 Comparing with white paper, see the color of samples and smell their odor.   
1.2 Measure samples mass and volume three times. Calculate then get our samples’ 
density. After that test the pure water density. 
 
Figure 4.4: (made by us, 09/11/2005) 
 
The test tubes and the pipetman. Pipetman 
is a kind of pipet using in labs. It is more 
professional and accurate.   
 
 
 
 
 
 
 
 
 
 
 
1.3 Use the pH-indicator strip with different range to test the fluid pH.  
Figure 4.5: ( made by us, 08/11/2005)  
The test tubes and the pH-indicator strip using in 
this part.  
 
 
 
 
 
 
 
 
 
 
 
 
2 Leaves’ pH Value 
Cut several leaves each from Nepenthes (sample 1), Burning love (sample 2) and Orchid 
(sample 3) Use glass stick to push the bitty leaves in the tubes. Under the high pressure, 
we can get the fluid out of the leaves. There is lots of chlorophyll in the fluids. After 10 
minutes, when the chlorophyll settles, we test the pH of sample1 with the pH value test 
equipment called pH meter 
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3 Pitcher’s pH Value 
We picked an adult pitcher and separated it in three parts, top, middle and bottom. Put 
different part of pitchers in different tubes and use glass stick to push them to get the fluid 
from the parts of pitcher. After the chlorophyll set down, use the pH meter to test samples 
directly. 
 
4 Test of Density 
Use another common protease Albumin bovine fraction V for test the density. Sample-A 
is the Albumin bovine fraction V diluted in water. 
 
5 Test of Soil 
We took the same quantity soil of Cape sundew, Burning love and Nepenthes. Fill up 
with pure water inside the tube. Use pH meter to test the pH value of the mixture until it 
is settled. 
 
 
4.2.2.2 Lowry’s Test 
Theory Basis: With help of the Lowry’s Theory, we can know the color dark or light it is 
up to the protein more or less. In this experiment, we made reagent-C, and then let the 
condition be under acidic conditions copper complexes with protein. When we add folin 
phenol reagent, the reagent binds to the protein. And the bound reagent is reduced, 
changes color from yellow to blue. (Dept., 21/2/2001) When the light wavelength is the 
same, different color can absorb different energies from the light wave. Dark color can 
absorb more energy than the light color. The Spectrophotometer just uses this kind of 
theory to work; to recognize the concentration of the protein.  
 
Colorimetric Assays: Lowry's Method for Protein Determination 
Lowry's assay is one of the most common colorimetric assays in biochemists’ experiments. This 
procedure is very sensitive, because it employs two color forming reactions: 
Biuret reaction - Proteinic solution after adding alkaline cuprum (solution) - Cu2+ (in the presence of 
base) reacts with the peptide bond to give a deep blue color;  
Folin-Ciocalteu chemistry - a complex mixture of inorganic salts reacts with tyrosine and tryptophan 
residues to give an intense blue-green color.  
 
The combination of the two reactions gives an assay that is more sensitive that either reaction alone. 
Lowry Assays can not only make tyrosine and tryptophan show the color but also make peptide bond 
Biuret reaction show the color more bright. 
(O. H., et al., 1951) 
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Reagent for Lowry’s Experiments  
Reagent-A: 
 
0.5g sodium potassium tartrat, 4.0g NaOH , 20.0g 32CONa . 
Add 1000ml OH 2 . From RUC lab. 
Reagent-B: 
 
1g OHCuSO 24 5⋅ , Add 1000ml OH 2 . From RUC lab. 
Reagent-C: 
 
9 drops Reagent-A + 1 drop Reagent-B 
Put in the standards 1 to 5, standard blind, sample and sample 
blind. Made by us. 
Folin reagent:  1 drop folin-ciocaiteus-phenolreagents 1 H2O. From RUC lab. 
0.9%NaCl:  Make the solution of sample blind. From RUC lab. 
Standard reagent:  50.0mg bovine serum albumin. Add 100ml 0.5M NaOH. 
For make the Standard Solution. Made by us. 
Standard blind 
reagent:  
0.1M HCl. For make the stander solvent and the standard blind. 
Made by us.  
 
Process and Improvement     
1 The Preparation: making standard including two parts: solute and solvent. 
Solute: Standard reagent. Here, we prepare the standard reagent with 50.0mg bovine 
serum albumin adding the 100ml 0.5M NaOH. So the bovine serum albumin’s 
concentration in solute equals 50.0mg divide by 100ml, the result is 0.5 mg/ml = 
500ug/ml.  
 
Solvent: 0.1M HCl  
 
Table 4.5 the amounts of solute and solvent 
Standard name Solute  Solvent  Concentration* 
Standard 1 20 ul 0 ul 500 ug/ml 
Standard 2 16 ul 4 ul 400 ug/ml 
Standard 3 12 ul 8 ul 300 ug/ml 
Standard 4 8 ul 12 ul 200 ug/ml 
Standard 5 4 ul 16 ul 100 ug/ml 
Standard 6 2 ul 18 ul 50 ug/ml 
Note: concentration* is the percent of the bovine serum albumin in the standards. For 
example, in the standard 2, we add 16 ul solute and 4 ul solvent, so the total amount of 
this standard is 20 ul. For the bovine serum albumin’s concentration in solute is 
500ug/ml, the concentration in standard 2 equals (500ug/ml * 16 ul)/20 ul, the result is 
400 ug/ml. 
 
2 The Preparation: making the standard blind. 
We only want to test the standard reagent’s absorption for calculating the function and 
making figure, but the standard reagent is dissolved with different amounts of solvents 
for the different concentrations. If the solvent can also absorb the light, the test results 
could not be the absorption of the standard reagent. So we must do a test found whether 
the solvent absorb light and how much light it can absorb. We call this test as blind. 
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For we use the 0.1M HCl as the standards’ solvent, the standard blind is made for 20 ul 
0.1M HCl solution. In addition, all the standards and standard blind are the same amount 
to test.  
 
3 Process for Making the Sample Blind and Sample. 
For the test’s purpose is to know how the quantity of proteins in the sample, we should 
make sure the absorption of the sample is just the absorption of protein. So we 
hypothesize the protein is dissolved in the 0.9% NaCl solution, namely physiological 
brine. In fact, there should be some other components besides the proteins and 0.9% 
NaCl solution in the fluid, but as know the pH range is near 7 and the density is closed to 
the water’s, the other components are omitted. Summing up the reasons, 20 ul 0.9%NaCl 
solution is ready for test as the sample blind.  
 
20 ul fluids from the pitcher are extracted as the sample. We use two samples from the 
different pitchers. 
 
4 The Operation: measurement of Spectrophotometer. 
Now all the testing reagents (standards 1 to 5, standard blind, sample, and sample blind) 
are prepared. At first, put 500ul reagent-C into the testing reagents respectively. Waiting 7 
minutes, then add the 100ul Folin reagent and shaking carefully. We used the light that 
the wavelength 772 nm through our liquids. The first time we put standards 1 to 5, 
standard blind and record each value. Later put samples and sample blind in the 
Spectrophotometer and recorded the numbers.   
 
According the results of Spectrophotometer, plot the samples’ absorptions on the function 
graph, therefore the samples’ concentration (unit: microgram per mini-liter) can be 
calculated.  
 
 
4.2.2.3 Skim Milk Gel Experiment 
Theory basis: Our sample fluid contains enzymes which produced by Nepenthes. The 
activity of enzyme is indicated as enzymes can hydrolyze proteins. (Meyers, 31/05/ 1995) 
The skim milk powder contains 34.5% protein of excellent nutritional value. It removes 
most of the fat and fat-soluble vitamins. (McGlone, Pond, 11/ 11/ 2002) So we use skim 
milk as substrate. The mixture of skim milk powder and gel is turbid. After we put our 
sample in the hole in skim milk gel, the active enzymes would hydrolyze proteins of skim 
milk. It can made the gel around the hole from turbid became clean.  
 
Considered the activity of enzyme in the fluid of plants would be effect in different pH 
environment. The research indicated that the enzyme in the fluid of Nepenthes has well 
activities at 2-4 pH range. (Frazier, 6/2000) We chose an acidic buffer method with a 
large range of pH value to do testing. The solutions those in which the pH value remains 
constant after addition of small quantities of acid or base are called buffer. (Skelly, 
RobinsoSkelly, 1/10/ 2004) Acidic buffer means the buffer that remains the pH value 
constant in acidic environment. In our result in experiment we have done before. The pH 
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range of the fluid is 5-6. So we can use the acidic buffers those pH value are 2.0, 3.0, 4.0, 
5.0, and 6.0. Mix the skim milk gel and each acidic buffer to keep the environment acid. 
Then we can measure the influence of pH value by comparing each result of different 
acidic environment. Temperature is another important actor to influence the activity of 
enzymes. So we used the heat cabinets those in which keep the temperature of 
environment at 30 C, 37 C, 42 C and 50 C to measure the effect. 
 
Reagent for Skim Milk Gel experiment 
Agarose (solid) Let the buffer and milk liquid curdle together. From RUC lab. 
Skim milk powder To test the activities of proteinase. From RUC lab. 
Proteinase K We know it’s activities to compare with our sample. From RUC 
lab.  
0.2M Na2HPO, 
0.1M citric 
acid(C6H8O7.H2O), 
0.1M HCl 
For make the acidic buffers. From RUC lab. 
Antibiotic  10% CAM, AMP, 10mg/ml TET. For remove the bacterial and 
restrain the fungus growing. From RUC lab. 
 
Process and Improvement 
1 First experiment: to prepare slides and preparatory test and these steps are that we 
made the skim milk gel slides for the subsequent test. 
1.1 Turn on the heat cabinet till 50C. Put several tubes in the heat cabinet. 
1.2 Balance 1g solid agarose. Put agarose in graduated flask and add pure water till 
100ml. And Boil graduated flask use microwave oven. 
1.3 Shake graduated flask till agarose dissolve and add pure water again till 100ml. Put 
graduated flask into 50C attemperator to keep it warm. 
1.4 Take 2ml dissolved liquid put into tube use pipetman. 
1.5 Add skim milk powder in the tube with liquid and shake by Minishaker. 
1.6 Pour the liquid on microscope slides. Wait 10 minutes then gouge circle hole in skim 
milk gel. 
1.7 Drop proteinase K in the hole with diameter 2mm. 
1.8 Keep the gel in container with wet environment and put it in 37C heat cabinet. 
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Figure 4.6: (made by us, 10/11/2005)               Figure 4.7: (made by us, 10/11/2005) 
It shows the skim milk gel slides we made.          Put container in the heat cabinet.  
 
2 Second Experiment:  
Put several milliliter 0.2M Na2HPO4 + 0.1 M citric acid till the pH value of our buffer to 
the value 3.0, 4.0, 5.0, 6.0. Make 4 buffers with different pH value for measure the 
influence of pH value. Use the proportion of buffer and gel liquid as 0.2ml vs. 1.8ml to 
put into different tubes that in the heat cabinet beforehand. Mark skim milk gel slides 
with different pH value. Drop our sample in each hole that diameter 2mm. Keep slides of 
gel in airproof box with wet environment and put it in 30C heat cabinet. 
 
The following picture is coming from our skim milk gel experiments. 
 
3 Third experiment:  
Make acidic buffer to the pH value 2.0 with the same methods but 0.1M HCl instead of 
Na2HPO4. Use the proportion of buffer and gel liquid as 0.5ml vs. 1.5ml, and drop 
antibiotic in the gel. Make skim milk gel slides with different pH value and test pH value 
of each slide preparatory. Drop proteinase K, our sample, saliva, and our sample that with 
fly protein in each hole (diameter 2mm) with different pH value. Keep slides of gel in wet 
and 30C environment. 
 
4 Fourth experiment:  
Change the temperature. Use the proportion of buffer and gel liquid as 0.5ml vs. 1.5ml, 
drop more concentrated antibiotic in the gel. Make skim milk gel slides with different pH 
value and test pH value of each slide preparatory. Drop saliva, our sample that with fly 
protein (Sample-F) and our sample (Sample-WF) in each small hole (diameter 2mm) with 
different pH value. Keep slides of gel in two airproof boxes with wet environment and 
put them in 42C and 50C heat cabinet. 
Figure 4.8: (made by us, 
11/11/2005) The skim milk gel 
slides with mark of pH value. 
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Chapter5–Results 
5.1 Results of Characterization of the Nepenthes 
We characterize the Nepenthes with the physical and chemical way, describe the 
Nepenthes including the leaf, pitcher, root and soil, try to get preparatory knowledge that 
why it need catch insects and how they do it. These series of small tests we found the 
characteristics of our sample fluid are very similar like water from color, odor, state and 
density except the pH value. This difference also kept in the leaves and pitcher itself 
compared with other normal plants. These can be proved by the following tables:  
 
Table 5.1: The characteristics of sample fluid 
Samples Color State Odor  pH range 
Sample1 Colorless A little viscous   Odorless 6.1 (A)  
Sample2 Colorless A little viscous Odorless 6.5 (A) 
Sample3 Colorless A little viscous Odorless 5.0-5.5 (B) 
Sample4 Colorless A little viscous Odorless 5.5-6.0 (C) 
Sample5 Colorless A little viscous Odorless 5.0-5.5 (B) 
Sample1 to Sample 5 are from the five different open pitchers without fly. Color of sample fluid is 
colorless means the liquid is clarity. We said ‘odorless’ in the item of odor. In fact, we can smell the 
light grass-like odor from fluid but it is the same as the pitcher which supply the fluid. So in our 
opinion, the grass-like odor is from the pitcher. In pH range (A), (B), (C) means the type of pH-
indicator strip we used. 
 
Table 5.2: pH value of leaves                     
 
Table 5.3: pH value of pitcher’s three parts 
Samples Color  State pH 
Value 
 Part of the 
pitcher 
Color of 
the fluid 
pH Value 
Leave of 
Nepenthes 
Green Lots of 
chlorophyll 
4.15  Top  Wine  4.47 
Leave of 
Burning 
love 
Green  Lots of 
chlorophyll 
5.15  Middle  Rosiness  4.36 
Leave of 
Orchid 
Green  Lots of 
chlorophyll 
5.22  Bottom  Green  4.40 
 
 
 
 
We considered about test the density again because if the fluid contain enzyme, the fluid’s 
density must be large than water. Because the fluid contains enzymes so must be heave 
than water. So we use another enzyme (Albumin bovine fraction V) to compare and prove 
that arguments. 
The Burning love and Orchid are very common 
plants. The pH value of Nepenthes’ leaves is 
more acid than the leaves of these normal 
plants. 
 
The color of fluid means we cut the part 
of pitchers and get the fluid of pitchers 
not the fluid secrete by plants.  
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Table 5.4: Mass and Density 
Name Volume Mass Density 
Water 1ml 0.9985g 0.9985g/ml 
sample-A: Albumin bovine fraction V(solution)  1ml 1.0723g 1.0723g/ml 
Our sample - the fluid from Nepenthes 1ml 1.01g 1.01g/ml 
It shows the density of our sample and comparison. The test of water’s density can insure the veracity 
of the equipment. Because our sample was diluted by water too much, so the density of the sample is 
nearly to the density of water but still heave than water. That can illustrated our sample contains 
enzymes but the quantity is very little. 
 
Table 5.5: pH value of soil 
Soil of Plant pH value Temperture  Mass 
Nepenthes  4.81 25C 0.05g 
Cape sundew 6.94 25C 0.05g 
Burning love 6.22 25C 0.05g 
The result is that soil of Nepenthes is little more acidity than normal plants’ soil. 
  
We considered about whether the roots influence the soil acidity or the soil influence the 
plant acidity through the roots. Through our observation, we find that the roots of 
Nepenthes are already degenerate, small and exiguity. As the figure show us below: 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: (made by us, 
09/12/2005) Degenerate root of 
Nepenthes. 
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Analysis after experiments 
Those series pH tests we did and want to prove Nepenthes can use acid to help enzyme 
with decomposing insects.  
 
1. pH Test of Liquid in Pitchers: 
From the experiment of testing pH value of liquid in the plant’s pitcher, we got the 
number between 5 and 6.5 which can show us the fluid is weak acid. So we can be sure 
the plant use acid to help enzyme decomposing food. But from pH value we generate 
another question - where is the acid from? 
 
2. pH Test of Pitchers’ Parts: 
We divide it into three parts to continue:  
Top: 4.47 
Middle: 4.36 
Bottom: 4.40 
Compare with these numbers, we can see the pH values are up and down but very similar 
to each other from the top to bottom of the pitcher. But if the acid comes from plants 
themselves with the fluid, the most acidic part must appear at the bottom of pitch just 
where fluid is excreted out. We can see the results that the bottom of pitch is not the most 
acidic part. So we infer the acid does not come from plants themselves with the fluid. 
 
3. pH Test of Leaves and Culms: 
As a result, we can see leaves and culms have the lowest pH range (4.15). So that should 
be the part of acid’s genesis. As known, there are many pipes in the leaves and culms 
using for transport, thus the acidic matter is possible in the pipes. That means the acid 
may be transported from environment.  
 
4. pH Test of Soil: 
We tested soil, it is also acidic. That means the soil is the probable source of acid. But its 
pH value (4.81) is higher than the plants leaves and culms. The reason is that the 
concentration of acid in the plants is higher than in soil with water. After the root absorb 
the water with a little acid from the soil, during the transportation, the water will be used 
for other function such as photosynthesis. So when the acid reached the leaves or culms 
or pitchers, it should be more acidic than the soil. 
 
 
5.2 Results of Lowry’s Test 
The experiment is simple for a large range of proteins. We did it for investigate the 
protein concentration of our sample fluid.  
 
The results are out from the spectrophotometer machine and we made a list below: 
 
Table 5.6: List of absorption 
The testing reagent name The absorption 
Standard 1 0.218 
Standard 2 0.151 
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Standard 3 0.104 
Standard 4 0.074 
Standard 5 0.035 
Standard 6 0.045 
Standard blind 0.000 
Sample 1 -0.005 
Sample 2 0.006 
Sample blind 0.000 
 
To know the real absorption of the standards and the samples, we should deal with the 
results: 
The real absorption of standard = the testing absorption of the standards – the testing 
absorption of the standard blind  
The real absorption of samples = the testing absorption of the samples – the testing 
absorption of the sample blind  
 
Here, we can see the standard blind and the sample blind are both 0.000, which means the 
Spectrophotometer has defined the absorption of blind to be 0. So the testing absorption 
equal to the real absorption. Our sample’s absorption-0.006 microgram per mini-liter is a 
very low value. That means the concentration of our sample fluid is very low and which 
means the enzymes in our sample fluid is very little.   
 
Analysis after experiments 
Before we go further, we choose the Lowry’s test to find the enzyme quantity in the 
pitcher fluid. In another way to say it is use the characteristic of proteins to test the 
concentration of proteins in our sample. The characteristic of proteins is that it can absorb 
light. But the result we get the amount of concentration is too small. So small quantity of 
protein that is hard for us to do the further experiment about testing species of enzymes. 
It is also hard or impossible for purification of enzyme. 
 
We change our method to test our sample liquid not only the enzyme in our sample, and 
try to find the reaction condition and enzyme’s activiey. So we do the skim milk testing. 
That is also the main part in our experiments we focus on. 
 
 
5.3 Results of Skim Milk Gel Experiments: 
In these experiments we create a simple assay that used the skim milk gel to test the 
activity of enzymes in our sample. Test the activity of enzymes in our sample in different 
pH range and temperatures. Find the optimal pH value and temperature for the enzyme in 
sample fluid.   
 
The final result is gotten by four experiments step by step. In the first experiment good 
results about proteinase K can prove the validity of skim milk gel experiment. Clean zone 
appears in gel around the hole after two hours after one night gel and proteinase K dried. 
And our first experiment proves that proteinase K can hydrolyze the protein in skim milk 
gel after two hours in 37C. The problem is our container within the gel slide is not 
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airproof very well. In the second experiment, no reaction after two hours, we use long 
time for waiting for the results. We saw it has a clean zone in one slide and another slide 
has white ring around the hole after nearly 20 hours. The following picture is coming 
from our experiments. 
Figure 5.2 (made by 
us,11/11/2005): The second 
slide from left has white 
ring around the hole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We made a small test of bacteria with the part of white rings. The result is that it contains 
bacteria. The phenomenon perhaps was the effect by bacteria but not the enzymes in 
sample fluid. The figure below shows the small test of bacteria.  
 
 
We add antibiotic into skim milk gel to avoid the disturbance of bacteria in the third 
experiment as well as making different buffers. Only the hole with proteinase K appears 
clean zone around the small holes (diameter 2mm):  
The following picture is coming from our experiments. 
Figure 5.3 (made by us, 14/11/2005): In the 
test we can saw the bacteria grown in those 
brown areas.  
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Figure 5.4 (made by us, 
21/11/2005): Each first 
hole in the slides appears 
clean zone around the 
drop of proteinase K in 
different buffers. (pH 2.9 
to pH 6.5)  
 
 
 
 
 
 
 
Table 5.7: Result 
phenomenon of 
proteinase K. D: 
diameter 
Time/Buffers pH 2.9 pH 3.7 pH 4.7 pH 5.7 pH 6.5 
1 hour later D 4 mm D 4 mm D 7 mm D 9 mm D 10 mm 
2 hours later D 4.5 mm 
 
D 4.5 mm D 8 mm D 9 mm D 10 mm 
3 hours later D 5 mm D 5 mm D 8 mm D 9 mm D 11 mm 
4 hours later D 7 mm D 7 mm D 9 mm D 10 mm D 11.5 mm 
It shows the different clean diameter of areas where proteinase K reacted with protein in the gel, 
which can tell us the best buffer for proteinase K working. 
 
Second day 10 o’clock and 16 o’clock: white rings appeared around the hole in pH 5.7 
with our sample in big hole with diameter 5 mm. The zones around the holes those in 
which contain proteinase K are clean and over the slides. But the holes contains saliva are 
no reaction around. White rings still appeared means the antibiotic is not work well 
enough to kill all the bacteria.  
 
Summed up three tests before, we changed temperature and antibiotic did the fourth 
experiment. We found totally no reaction on the slides of skim milk gel in each airproof 
box at first day. In the second day there are no actions around the holes of pH 2.7 to pH 
4.9 and pH 6.2. But we obtain some data from the holes in the pH value 5.65 and 5.6 in 
kept in 42C and 50C heat cabinet as show below: 
 
Table 5.8: Result phenomenon of fourth experiment. D: diameter 
42C pH 5.65 Saliva Sample-F Sample-WF 
22 hours later D 3 mm No No 
27 hours later D 5 mm D 3 mm No 
29 hours later D 5 mm D 3 mm No 
It shows the results of samples in buffer of pH 5.65 and temperature is 42C. No means no clear zone 
appears. Sample-F is the sample with fly. Sample-WF is the sample without fly. 
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Table 5.9: Result phenomenon of fourth experiment. D: diameter 
50C pH 5.6 Saliva Sample-F Sample-WF 
22 hours later D 5 mm No No 
27 hours later D 10 mm No No 
29 hours later D 12 mm No No 
It shows the results in buffer of pH 5.6 and temperature is 50C.  
 
These data indicated that the enzymes in our saliva starting work but the speed is really 
slow. We considered our sample contains low concentration of enzymes, thus the reaction 
should take a long period of time. So we kept them in the heat cabinet and got some 
results after four days: 
 
Table 5.10: Result phenomenon of fourth experiment. D: diameter 
42C pH 5.65 Saliva Sample-F Sample-WF 
95 hours later  Mistiness Mistiness Over the slide 
98 hours later  Mistiness Mistiness Over the slide 
It shows the results of samples in buffer of pH 5.65 and temperature is 42C after four days. Mistiness 
means we can not distinguish clean or cloudy by our eyes even we opened the airproof box to observe 
it directly. Over the slide is the same meaning of mistiness. So the experiment in 42C is 
unsuccessfully.  
 
Table 5.11: Result phenomenon of fourth experiment. D: diameter 
50C pH 5.6 Saliva Sample-F Sample-WF 
95 hours later D 12 mm D 4 mm D 5 mm 
98 hours later D 12 mm D 4 mm D 5 mm 
It shows the results of samples in buffer of pH 5.6 and temperature is 50。C after four days. We can 
see the hole in which contains our sample fluid appears clean zone around. The enzymes in sample 
fluid are active and worked slowly. 
 
We can use this experiment to test the activity of enzymes in our sample fluid. The 
problem for our sample is with so little enzyme that we may be not able to see the 
changing by our eyes in the experiment or it is going to react with a very low speed. So 
experiment we use another sample proteinase K which can hydrolyze the protein in skim 
milk gel well very(made by agarose) to control our experiments. 
Analysis after experiments  
1. Different pH buffers under the same temperature 
Proteinase K and agarose is very easy to be dry at the temperature of 37C. So we use 30C 
instead of 37C and use the airproof box to keep it. We measured influence of four 
different pH values of the acidic buffer solutions from 3.0 to 6.0. 
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Attention 
1) Adding skim milk powder to acidic buffer can cause the problem of changing pH value. So 
remember recheck all buffers’ pH value after adding all reagents.  
2) During long time reaction prolific bacteria affect the result of reaction. (30。C it is bacteria’s 
favorite growing temperature.)   
Maybe also some funguses can growth so before the experiment we use antibiotic to remove the 
bacteria and restrain the growth of funguses. 
 
Saliva, our sample fluid without fly and sample fluid with fly have no reaction after the 4 
hours. But proteinase K is working better in the pH range of 4.7—6.5 than pH rage of 
2.9—3.7 according to our experiment result. At the same time, we find the research of 
proteinase K show it has high activity at pH range 4.0—12.5. The optimum pH value is 
from 7.5 to 8 (from the theory). So, our result is very close to this. And saliva has no 
reaction because its active pH value is around 6.8 and temperature is more the 37C (from 
theory). Otherwise the activities are going to be low, especially the pH lower than 2 it is 
going to lose the activity.  
 
Even we didn’t get a good result from our eyes for our plant’s sample. But we use our 
experiment by saliva and proteinase K proved our theory of enzymes reaction conditions 
can be influenced by pH value.      
 
2. pH buffers = 5.65 under two temperature: 42C and 50C  
Both in 42C and 50C, there is obvious phenomenon under buffer with pH 5.65 after 22 
hours: 
 
2.1 In 42C environment:  
Saliva became active and starts to work first in the environment of 42C. Our samples 
with fly hydrolyze little proteins in skim milk gel worked slowly in the same time. It 
shows that the sample with fly contains activity enzymes. After three days, the result is 
not clear enough to get more evidence. 
 
2.2 In 50C environment:  
The saliva’s enzyme works first. Because most active temperature of saliva is around 
55C. The second day of experiment is only the saliva works in pH 5.6 and 6.2. But at 28th 
Nov, we found clean zone appeared around the holes that each of the holes contains our 
sample fluid and sample fluid with fly in pH 5.6. This shows us that enzymes in our 
sample can hydrolyze proteins of skim milk. Based on that we considered the optimal pH 
and temperature of enzyme in sample fluid is pH 5.6 and 50C. In this environment the 
sample fluid would hydrolyze the proteins slowly even with low concentration. 
 
To make sure the enzyme’s effect, in the second experiment of skim milk gel we found it 
contains bacteria in the sample and we use antibiotic to limit the bacteria growing for the 
testing exactness. But we must care about how the bacterium comes in our experiment. 
Our sample fluid maybe contains bacteria and the skim milk gel slides would contain 
bacteria also. The fluid of Nepenthes is taken from the pitcher which the lid of them is 
opened. The bacteria can come from everywhere in the environment. So maybe the 
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bacteria can help the plants digest protein and it also a digesting-factor in the fluid. We 
check whether there are bacteria or not in the fourth experiment. The result is the 
antibiotic works well but the enzymes working. That means even no bacteria in sample 
fluid the enzymes can hydrolyze the proteins still.  
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Chapter6–Discussion 
 
We will discuss and analyze our results of experiments according to our theory in this 
part as well as we will explain our purpose and intention.  
 
6.1 Why do Carnivorous Plants Eat Insects? 
We have already introduced the reason for Carnivorous plants eating insects. The main 
purpose is getting enough nutrients because Carnivorous plants can not obtain enough 
nutrients from soil as the normal plants. But why they cannot? We analyze it from soil 
and plant.  
 
6.1.1 The Soil Reason 
As known, the primary or macronutrients nitrogen (N) which is important for plant 
growing can be dissolved in the water with the form of nitrate (NO3 -) or ammonia (NH3). 
It is the way for normal plant get nitrogen through the root from the soil. Because it is 
very easy for nutrients nitrogen dissolving and mixing, one block soil without any 
nitrogen nutrients in our opinion is impossible at all. However, no one will deny the fact 
that the soil for Carnivorous plants is a little different.  
 
From the introduction, we know most Carnivorous plants live in the wetland. In the 
wetland where the water is not recharged by streams quickly, chemicals released by 
decaying plant matter can become concentrated which leads to increase the acidity of the 
water. So, the dead plants do not rot for many microorganisms which aid in 
decomposition cannot function. In other words, little decomposition will arouse few 
nutrients in soil and acidic soil will make the difficult nutrients assimilation for the plant. 
(C&J,1989,1992) This is why wetland does not have enough nutrients for plants and the 
main factors (the decreased decomposition and the difficulty for obtaining nutrients) are 
both because of the acidic soil. Meanwhile, the soil of our samples can be proved to be 
acidic by the pH 4.81 in our experiments.  
 
Additional, we have a practice trip in order to find the wild Carnivorous plants in some 
wetland. Wrong season made us not gain any Carnivorous plants while their real living 
place gave us deep impression. In this wild Carnivorous plants’ living environment, we 
find a lot of moss called Sphagnum (figure 6.1 and 6.2 as below)  
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Figure 6.1 (made by us, 10/10/2005)         Figure 6.2 (made by us, 10/10/2005) 
When we stood on them, it is very soft just like its seen from the pictures: a big and wet carpet on the 
wetland. And we almost can not see the soil under them.  
 
Flourish in the acidic wetland, the Sphagnum is called peat moss which is essential for 
the beginning Carnivorous plant growing when Sphagnum moss decomposes slightly. 
(Rice, 8/2005) With this fact, we can deduce that there should be wild Carnivorous plants 
living in acidic wetland even if we have not seen them directly. So the plants living in 
wetland short of nutrients eat insects for obtain the nutrients. 
 
 
6.1.2 The Plant Reason 
Normal plants assimilate nutrients from soil by roots. So their roots are very developed. 
By observing, we compare the Carnivorous plants’ roots with the normal plants’ root 
(figure 6.3 and figure 6.4): 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 (made by us, 20/11/2005)       Figure 6.4 (Brundrett, et al., 1996) 
The first picture is the Nepenthe’s roots we tested; the second picture is Geranium robertianum’s roots. 
 
It is easy to see the Carnivorous plants’ roots are much smaller and thinner. These roots 
can not absorb nutrients from wetland well obviously. They must get nutrients by other 
parts of plant, for example, the pitches or the flytraps. 
 
In the other side, the Carnivorous plants gain nutrients by digesting preys by which the 
operation for roots would be less than normal plants. It means they do not depend on 
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roots’ assimilation as much as the normal plant. So the degeneration of roots is inevitable. 
 
Gather the soil reason and plant reason; we are sure the Carnivorous plants can not get 
enough nutrients from soil as the normal plants while replaced by another way: eat 
insects. 
 
 
6.2 How do Carnivorous Plants Digest Insects? 
6.2.1 from Our Experiment 
We want to know how the carnivorous plants digest insects. At fist, we read books and 
papers about the carnivorous plants. And most books and papers said the carnivorous 
plants digest insects with enzyme. By our observation of Nepenthes, the insects are 
digested in the fluid at the bottom of the pitches. So the fluid must contain enzyme.  
 
Then we do the Lowry’s test to find the amount of enzyme in the fluid and do the milk 
test to know the activity of the fluid.  
 
Protein is determined by measuring the absorbance as the Lowry’s test is a very popular 
method. The differences are the light wavelengths each test chose. For example, we chose 
the 772 nm, while 280 nm is chose in another paper (Senarath et al., 23/3/2004). These 
differences are caused by the different reagents in tests.  
 
To test the activity of the enzyme, the common idea is that make the enzyme digest the 
protein and then test how much protein decrease. We make the enzyme to digest the skim 
milk with gel and measure the milk-disappear range. But in the paper ‘Enzyme and 
structural characterization of nepenthesin, a unique member of a novel subfamily of 
aspartic proteinases’, they make the enzyme to digest acid-denatured haemoglobin. They 
test the absorbencies of haemoglobin before and after their experiment to calculate how 
much the protein less. Compare these two tests, the result of our enzyme’s effect can be 
found directly by observing. It is easier than their test, but it also less exact than theirs.  
 
 
 
6.2.2 from Our Result 
The optimal pH and temperature of enzyme in our experiment are pH 5.6 and 50C. But in 
a paper from scientists, the optimal pH and optimal temperature of enzyme in nepenthes 
are pH 2.8nd 37C (Senarath et al., 23/3/2004). We think the differences come from the 
difference of Nepenthes. In fact, there are 80-100 kinds of Nepenthes(WJ, no date), and 
they have large difference. The Nepenthes we used is cultivated as ornament, we believe 
its ability of digesting is degenerate.  
 
Between our skim milk tests, we can see the protein K has the highest efficiency for the 
concentration is most. The saliva is also a fluid including enzyme, and its efficiency is 
higher than the fluid from the plant in many times for the enzyme’s concentration is more 
than plant’s. The fluid from Nepenthes don’t often have a good effect, it is coincident as 
the fact because the Nepenthes digest a insect for several days generally. (WJ, no date) 
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With the knowledge from theory, Endopeptidase can decompose the protein from insects 
into small parts and Exopeptidase can digest these small parts. We imagine there would 
be Endopeptidase and Exopeptidase in the pitchers’ fluid. The paper we read told us the 
enzymes in Nepenthes belong to aspartic proteinase. So the fluid will be studied along 
this direction if we continue our subject.  
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Chapter7–Conclusion 
Before this project, our answer just like most others is that it is a kind of plant who can 
eat animals when someone asks the question - what is Carnivorous plant. If he continues 
his question why or how, the only thing we can do is to shake our heads. Nevertheless 
after nearly four month studying, even if we could not achieve our goal completely, we 
can expatiate more.  
 
We did plenty of reading about biology of plants, enzymes and proteins, typical protease 
as well as several scientific papers firstly. With that, we completed three big parts 
experiments to verify our assumption: 
 
 We did measurement to Nepenthes’ pitcher fluid, pitcher, leaf, culms and root as well 
as soil. In the process, we use another protein Albumin bovine fraction V(solution) to 
certify the correction of denisty, and we also use another two common plants 
Burning love and Orchid to sure the pH value of leaves. The same purpose to use 
another two normal plants soil of Cape sundew and Burning love is for soil pH 
examination. Check the root also proves the degenerate root could not help the plant 
get enough nutrients from the soil directly. So we think acidic surrounding offer the 
enzymes to digest the food.  
 
 We did Lowry’s test to get the protein concentration of pitcher fluid. The result is 
very low we guess the reason is overmuch water went into the pitcher when we 
watered it. As the result, it limited we deeper studying.  
 
 We did skim milk gel experiments. Controlled by proteinase K, we improved our 
operation step by step. And we find there is some enzymes in sample fluid became 
active in the pH 5.6 and 50 C environment and work slowly even with low 
concentration.  
 
So we proved that the Nepenthes eat insects because they could not get enough nitrogen 
nutrients from the soil directly in the acidic environment, and it can digest the insects 
even if with a low concentration enzyme solution. Although we could not purify or prove 
the final enzymes as our assumption, we learned a great many experience. All of these 
open the door for us to Enzymology, Bacteriology and Botany.   
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Chapter8–Perspective 
 
Enzymes in the Living Cell 
When we look back the past three million yeas ago, we have been astonished by it’s great function. 
Gravity, heat and pressure are major forces that shaped this world with chemical evolution which led 
an impressive but stark inorganic world: oceans, an atmosphere and endless rock formations. One 
force behind the second stage of creation - the first living cells’ advent brought biological evolution 
that was the invention of a set of microscopic cellular machines called enzymes. They work by 
altering and rearranging the simple molecules of the environment one step at a time to form the many 
complex molecules upon which the life of the cell depends and unique set of enzymes also achieve the 
specific goals of the cell. As the result, from the past three billion years to now, enzymes have been 
responsible for the development of the organism. (Dressler, Potter, 1991) Thus far, we can understand 
why the enzymes play a key role in cell growth, in cell differentiation and in basic physiological 
processes as well as we can believe the studying for enzyme is showing the utmost fortitude by more 
time, person resources as materials resources well. 
 
8.1 Enzymes in Production and Application 
Plenty of enzymes production which benefits people health, daily life, environment and 
so on is great harvests for the hardly theory working. For example the reaction rate as a 
measure of catalytic activity, definition of units8, absorption and photometry, etc provide 
the condition for enzymes’ isolation, purification and save. In this project, we just 
touched some proteases and we know that enzymes used for industrial digestion of 
proteins contain predominantly endopeptidase, also known as proteinases or proteases. 
They may be classified according to the structural features of their active centers. Such as 
pepsin is obtained from porcine and bovine gastric mucosa; it is used in the commercial 
production of cheese and digestive preparation. (Gerhart, 1990)  
 
Not only have the industrial uses (the world market for enzymes in 1989 is about $ 500 
million), medical uses (with $ 300 million to $500 million retail sales), scientific and 
analytical (probably several hundred million dollars) (Gerhart, 1990) uses have 
succeeded the good market for enzymes which should generate a fine economic 
perspective. But also enzymes improve the health for the human and our environment. 
We remembered using some wash powder contained phosphorus many years ago which 
resulted big problems - many fishes died because of oxygen consumption out by overfull 
water vegetation in many place all of the world. Now most old production has been 
replaced by new with enzymes which can digest the dirt made by protein. It is more 
efficient than before under the suitable temperature and pH environment. The most 
important is that we need not be worry about it will take many bad effects on our 
environment because it will lose its function when the outside condition changed.    
 
In another words, the benefits from enzymes we referred are very great. This is why we 
have such interests on enzymes.  
 
 
                                                        
8
 Many different units are used to measure the activity of hydrolytic enzymes. 
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8.2 Protease Purification from Plant Sources 
This project is just our beginning with protease from plants. And during the experiments 
we find it is really difficult to isolate and purify any protein from the plant as a result of 
lower protein per unit volume than animals or prokaryotes. For instance, serine protease 
is so abundant in animal sources but not be as abundant in the plant source. Even if in this 
condition, there are some successful purification protocols such as enzymes of 
carbohydrate metabolism (plants are the most notable exponents of carbohydrate 
metabolism) and enzymes of secondary metabolism (plants are characterized by their 
extensive secondary metabolism. (Bolwell, 2001)  
 
However, the purification for Nepenthesin is still in the laboratory. The problems 
occurred by some special considerations: one is the very low protease concentration in 
the Nepenthes pitcher fluid; the other is interference from bacteria. Some one suggests it 
is better to use samples from unopened pitcher fluid, but we doubt whether the plant can 
generate enzymes for digestion without stimulated by insects. We hope we can find the 
answers in the future. In one report we read (Senarath, et al., 23/3/2004), they have 
purified Nepenthesins I and II from the fluid (30 liters) and also cloned the cDNAs and 
deduced the complete amino acid sequences of the precursors of them. 
 
Therefore, these successful cases can help us go further which should be more 
meaningful. And all of us believe in that scientists and researcher can find the complete 
structure of this special enzyme and purify it someday in the future to know what the 
enzyme really is. Most studiers including us consider that Nepenthesin is unique enzyme 
different from any enzyme we have known today, because we think these enzymes have 
the same effect as the creatural digestive enzymes but they come from the plants. Thus no 
one can estimate how many advantages we can gain from it after we clone it totally or 
modify it in genetic engineering. While in our imagination we can get a better profit level 
out of the same effects with this unique enzymes coming from the plants which is much 
cheaper than animals when people learn the production methods for it someday.  
 
 
8.3 Perspective of Carnivorous Plants on Environment and Protection 
Overall our project, you can see the environment is very important for Carnivorous 
plants. Actually, the Carnivorous plants are sentinels of the general quality of wetlands 
because of their unusual sensitive for the humidity and acidity. Using this way we can 
define a wetland through the Carnivorous plants’ growing or changing.  
 
On the other side, when the wetland habitat degrades, one of the first plants affected 
should be Carnivorous plant. In fact, many kinds of Carnivorous plants are in danger 
because of environment destroying. In the example of one kind of Nepenthes called 
Nepenthes clipeata with tiny species in the nature and it is entirely known that its habitat 
has been seriously altered by humans. This plant is probably going to extinct within 20 
years. (C&B,2004,2005) What’s worse, more than 90% of the Carnivorous plant habitat 
in the USA alone has been destroyed. Unfortunately, it is hopeless for Carnivorous plants 
to survive in 50 years. (Rice, 8/2005) 
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Before the Carnivorous plants are recognized completely, no one can estimate the 
sequence if they were die out. So more and more scientists begin to study these plants 
and domesticate them. One example about poor Nepenthes clipeata, in 2000, one idea 
was hatched to protect this species. A team of scientists started up the "Nepenthes clipeata 
Survival Program", or NcSP for short. Now the program has become to be a part of ICPS 
Conservation Project. (ICPS is short for ‘International Carnivorous Plant Society’, and it 
is an organization working to conserve the wild habitat for the future.) (ICPS, no date)  
 
Hence, we believe that the Carnivorous plants will become no stranger for us any more as 
well as it will be easily utilized for human being society over coming years. 
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